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PREFACE 

The tepis of surface boiling of lister has besoms of .great import- 
ance in recent yefire bonaue© of ths increase in applications requiring 
high rates of heat transfer per unit arc?n Data is particularly needed 
in equipmoat requiring water cooling from temperatures greatly exceeding 
the boiling point of water at atmospheric pressure» 

In order to prevent film binding at the high temperature surface in 
contest uith the cooling »ater, the pressure of the cooling water can be 
raised until its ß&iuration temperature is abora the wall temperature» 
However» inroßtig&tions at lor pressures hax&  shown that if the surface 
temperature is high enough above the saturation temperature, the phenom- 
enon of surface boiling will occur. This has been found to giv© a marked 
increase in the heat transfer coefficient over  that predicted by we.ll-estab« 
lished forced convection equationsp increasing as the surface temperature 
is increased to a point #j.ere film binding and subsequent burnout occurs. 

The apparatus described herein was designed to study the effects of 
surfg.ee boiling on heat transfer to water flowing in a tube under the fol- 
lowing conditionss 

1. Water pressures - up to 2000 psis. 

Zr,  Watsr velocities - up to 40 foot/sec 

3» Water bulk temperatures - up to 550° F. 



glTP'AFT 

I. do tailed description of tho test aooaratar, denigasd and con- 
structed to study the effects of aurfecs boiling on heat"transfer at 
high pressures and high heat flux densities is presented*    A discussion 
is gitrea of operating technique^ date measurements» end calculation 
procedure with derivations of formulas, calibration of instruments/and 
otbsr exparimonta.1 detsnatDations ,      A series of photographs which record 
the disEanUing of the feyircmt-Tyler centrifugal pump for cleaning are 
presented.    They into cote very clearly toe source, of the contamination 
which has led to a continual deposition of scale oft  the inside of th© 
test section, apparently due to an eloat.ro -pit», ting of ferric ions«,    Clean- 
ing, of t-hie ecRle has-provea to be exoorsdingly time consuming End an ion- 
exchanger to trap tbe objectionable ions is to be eSded to the circuits 



The procedure for investigating h^ei'transfer with surface boil- 
ing consisted of determining the heat flu*, density o/.fi. for a particular 
temperature difference driving force et particular values of velocity* 
pressure^ and subeooling,, for degasseds distilled Kater flowing upward 
An a pu.ro nickel tube,. Pressure crops across. the test section were also 
mps.su.red,. 

The test apparatus is a closed system consisting of a vertical test 
section, of pure nickel,-a Hayward-Tyler centrifugal pump* a calibrated 
orifice» a heat exchanger, and a pressure vessel« A layout is given in 
Fig» X. Power Is supplied from two 36 KW DC Generators driven by 440 volt* 
3 phasej, AC synchronous motors«, The generator outputs ere connected in 
series and provide a range of 0-24 volts and 0-3000 amperes. Thermocouples 
are located, at the inlet and outlet end glong the outer wall of the test 
section, readings being taken by means of a Rubicon potentiometer, Modal 
2703 and a, Rubicon spotlight galvanometer Model 3401-fiL A bourdon typ© 
Heise pressure gage 0-2000 psi is located at the inlet to the test section, 
A Barton differential pressure gage 0-150 inches of rater is connected 
across inlet and outlet of the test section to record the pressure drop« 

A photograph of the control panel and motor generators is presented 
in Fig, 2  and the assembled test section is shown in Fig, 3, 

Tej^^ection 

The test section consists of a pure nickel tube (International Nickel 
Co«RL« Nickel) of «,1805 in. inside dim®tor,  =2101 in, outside diameter, 
end a length of 9 Inches«, (Cf Fig,, 4-K Threaded bushings of BL® nickel 
are gold soldered to each end of the test Election, and make contact fith 
bronss end mounts5 ifhich support the test section assembly end carry cur- 
rent from the bussbara, 

BLR nickel t-ras chosen because of favorable strengths, thermal* resis- 
tive, mid non-corrosive characteristics. The dimensions were based on the 
desired heat flux density of approximately 4»000P0Q0 Btu/hr ft**, while 
keeping the SUE of the pressure and thermal, stres&pß below the yield point(2). 
The nickel tubiag ras especially dram and the total variation in wall 
thickness was measured to be «0003 in,, Appendix C--4 gives" the method used 
to determine the wall thickness to be used in inner wall temperature calcu- 
lations«. 

ismzJämM, 

The power supply consists of two 36 KB Chandeyeson, 12 volt, 3000 amp- 
ere direct current, externally excited generators driven by 440 volt* 3 phase, 
AC 600 RoP.M, synchronous motors» In ord<?r to obtain the maximum heat flux 
density of 4,330,000 Btu/hr, ft2 calculated by BarW2>, a maximum currentof 



2 »080 amperes et Sl-,6 volts te ne^rnr-ry,. In addition the generators must- be 
capable of delivering eny amount of pcrer from ssero to merimum es required. 

The method devised, to give this Bide range of poster and thus a wide 
range of heat flux densities vr-.s  to connect the generator outputs in series,, 
On© generator output is set continuously at 15 volts end  the second generator 
output is added or eubtractec to this- initial 12 volts-,  This is accomplished 
as In Fig» 5 by one control which mechanically couples two potentiometers^ 
wired so that movable contacts approach opposite polarities«  Thus at mid 
setting, generator #1 field volto^e is sere- giving a total voltage output of 
12 voltss obtained from genera tor #2,> At one extreme position of the poten- 
tiometers, full gens-rater i-2  exciter voltage is impressed, across generator §\ 
fieldy adding 12 volts to generator #2, and giving a total output of 24 volts, 
At the other extreme position, full generator #3, exciter voltage of opposite 
polarity Is  impressed across generator #J.  fields subtracting 12 volts from 
generator #?,, mid  giving a tot»! output of ssero volte»  Thus the entire range 
of voltage from 0-24 volte i&  covered easily with one control« 

The two o^erete-re ere started together<, with the potentiometer circuit 
open and roplf .. ad by too starting resistors set to give a sere voltage outputs 
(Cfo Figs,, 5 and 6)<> This is done to insure that no voltege will be impressed 
upon the test section if the potentiometer control is not zeroed before start- 
ing* Thin could causa a burnout of the test section if, for example, cooling 
rater flot? wore insufficient,, A relay is then energised i?hich pulls out the 
storting resistors arid substitutes the potentiometers» 

A iaastor stop batten is provided for emergency use in shutting dom ell 
electrical equipment with tho exception of the silicons heat exchanger pump., 

C^£yl§SlÄS-.JbysSL. 

The test rater circulstin.g pump is a four stage all «stainless" centri- 
fugal puop, manufactured by Hayrard-Tyler and. Company, Ltd. of England* repres- 
ented in this country by the DoLaval Steora Turbine Co» of Trenton, ih  J, A 
drawing of tho pusp end characteristic curves are shown in Figs, " m.d B\ 

This puFäp is of th© submersible type* that is» the entire impeller and 
motor esssably is enclosed in & si.ngleB large, stainless steel casing. This 
hes the advantage that there are no rotating shafts of any kind requiring high 
pressure«;, high temperature se3.1e„ Tho only too seals in th© pump ere metal 
to metal con tect between the outer motor casing and the center assembly and be- 
tween the impeller casing and the center assembly, A  series of large studs 
sledged tight E mstos the possibility of leaks very remote« 

* Ihs/fir- disadvantage of this pump if? the fact that th© motor ie con- 
structed of iron--silicon and the motor cooling water which circulates betooeri 
it ano the etairvlesc easing has corroded the motor considerably. The motor 
cooling water is circulated through its ovm.  heet exchanger but betoeen the 
motor cooling water and the pump test rater belo?;, there ere four holes of 
about 3/o In, disaster. They ere intended to transmit pressure with little 
exchange of water-, However, upon shutting dotm the pump it «as found that some 
contamination did seep dorn, necessitating complete draining and refilling before 
each run,- 



The pump had horn  filled rlth an crl before shipment which could 
not entirely he removed by AluoMog,, Thi?> necessitated dismantling the 
entire pump. The dismantling mz  also dsfsircd since a sister pump "located 
at the \1nimrcHy  of G&Iifornis of Lo;; An^eiep h?,d experienced gsllinsr 
between wearing rings and Impellers, end inwsttpiFtfon found particle,« of 
sand in the stainless steel castings,, traces of which had boon found in 
the test water previously, Mr-, !h, JL feooo^rd of the De Laval Company 
Bimervlmd this vork,  a. complete report of:  which IE found in Appendix D, 

After dismantling, clearing, and rcRPeemblina, tho pum.» was run for 
approximately .forty hours through the closad loop without the* test section-. 
There  wp.s no s-Mtog or stalling end the pwp delivered its rated load  It 
was note^ that distilled Tvetar of conductivity 1 part per million as NaOl 
became c-ntamirmtsd after en little as four hours in the pusro, The lowest 
conductivity ©vor .recorder? after a daily run was Z p,p,m,. *The cause of 
this has bean doterained to be  ferric lone, 

it was decided to use the pump as it was, with freshly distilled, 
degassed water before each run and to cheek with well established forced 

the 

Host Exchffn.jter 

The function of the beat exchanger in the, test loop is to reraoTe the 
heed fr-eosferrod  to the test water in, the  test section so that the same wat- 
er csn be recirculated continuously.    Sines the maximum heat input contemp- 
lated U approximately 50 KF'.Z),  the hest exnhangöir mußt have a capacity of 
50 &W or 1.70 ,„000 Pti/hr, 

The final design arrived ati "' consists of tro counter-flow heat ex- 
changers, one between tho test rater and siiicone fluid DG-701 (Dos Corning 
Corp.),   tho eewvjd beta-sen  the silicons fluid and city rater.    The boiling 
poin^ of DC-701  filieone is 572?r at- afrmepherie pressure and sine© the maas- 
imuin inlst terperatura of the test water into the heat exchanger ie about 
$S-J»F,  there is no danger of für, binding et the coolant contact enrfece, 
rhich rould ho the case if city rater i/sre used, instead of siiicone fluid., 

The first heat exchanger consists or a tube in tube unit, with the 
test water floriag through a 3/8 inch 18 3.,H,G,  type 304. stainless tube and 
the Silicons fioring through a 3/4- inch standard wrought iron pipe  (.024 i». 
™ n •« n ^°nd hcat eycha3Ser consists of a bundle of three 1/2 inch, 
20 Bo*,G.  coppar tubes through rirJeh the siiicone flows end an annulus of ' 
I--X/2 Anon lb B,K£,GO  copper tubing through which tho city water flot?0.      The 
siiicone is circulated by & Ivorthington gear pump,  type 3 GAM,    A velved by- 
pass is proridod around the test water to siiicone heat exchanger,  and can*be 
opened at 1<«? siiicone flows so as not to overload the purao motor.    A layout 
oi  the two heat ojxehangars is giTcn in Fig., 9„, 



B. 
he P. t. 
the silicone leaving the test wo.ter-■•silicon© heat exchanger does not exceed 
the boiling temperature of water, tor fear oi  vapor binding at the city water 
surface. ~' 

As a. further precautionary measure« a pressure switch connected to 
warning lights at the main control psnel Is located at each heet exchanger 
outlet» These provide r&rniog in the ©vent of a city water failure, a fail- 
ure of the Worthington pump.9 or the loss of the silicon© fluid. At the same 
time» it provides a reminder to turn on the silicon a pump and to open the oity 
water valve before putting any potrar into the test section. 

The purpose of the pressure vessel is to provide a ran^e of system 
pressures up to 2000 psia and to provide makeup water in the event of small 
leakso A layout of the pressure vessel is given in S'ig„ 10- It consists of 
a five foot length of type 304 stainless steel seamless tubingj, outside diam- 
eter 6^180 inches(, inside diameter 4,980 inches» with 2 inch plates welded 
at the enän»    The odd sised dimensions were not chosen particularly, but ere 
a result- of the inability to locate any other si»e with the heavy wall thick- 
ness needed to withstand the required pressure. 

Pressure is built up by boiling water in the vessel by means of 8 110 volt 
A0? 1,5 KW strip heaters (Chromalox #T 15424) bent into a U shape^ surrounding 
the vessel» In order to obtain e. good heat transfer surface^ molten aluminum 
was cast around the heaters into a sheet motel mold. The entire range of 0»12 KW 
can be utilised by means of individual toggle switches and a variac across one 
heatero Once the desired pressure has been reached, the proper combination of 
heaters plus variac setting will keep the pressure vessel at equilibrium. 

Enough insulation has been used so that the heat loss to the atmosphere 
is fairly small, about  2 &9 at 1500 psia, yet great enough to give flexibility 
in decreasing the pressure„ 

Test water flow rates are determined by measuring the differential 
pressure across a calibrated orifice (Of. Appendix 0-1) by means of a Barton 
Differential Pressure Gage« 

This gage is constructed of all stainless steel parts, and although 
rated at 1500 psi„ has been tested to 2200 psi„ A sectional view of the in- 
strument is shorn in Fig» 11, The range of this gage is 0-100 inches of 
water and was checked at atmospheric pressure by a water manometer,. (Of, Fig«. 12) 



The accuracy of the inateunent ia withla + 3j6 of full ecale reading., 

^  It is very Important that enough *s.ter be put into the pressure 
vessel initially to insure a efficient contact surface with the bested 
walle xor quid, pressure    builci-upa.    J.f too much, water is put in initially, 
there ariees  the danger of completely filling the vessel due to thanwl      * 
expansion of tie water and rupturing the- TOSS©!. 

^  h. liquid level Indicator that would withstand presaurae xm to 2000 pai 
and givo a remote panel reading was devised, using another Barton Differential 
Pressure Gage with a reverced reading scale 50-0 inches of water.    A schematic 
diagram of the indicator is givsa in Fig. 13= 

During s. filling prior to a run,  the pressure vessel is filled with 
valve 1 open.,  thus insuring that ths bypo.es loop is also filled,    '/he valve ' 
is then closea giving e coastunt head of tmter at gage port 2»    The hesd at 
port 1 is variaole, depending on the height of water in the vessel*    The ea*e 
reading is then «direct function of ths height of nater in the pressure vea- 

I r!far i6fS °    the TOpor Pres8ure, which cancels out by being additive to 
each side or.  töa gage,.    It *U1 be noted that at ths minimum indicated level 
reaamg,  tho differential pressure across the gage is a maximum«  BVä at the 
maximum indicated level resding,  ths differential pressure is e minimumu 

»i   trtA^t m& s®ri^BBOoneideratioa that tust bo given this type liquid lev- 
el indicator is that ox  varying densities of water at various patu-etion 
temperatures    There is th© danger that the vessel might bs full at some 
higher temperature then calibrated and. yet read severe! inches    lower than full, 
due to a xoner water density,    This was overcome bv calculating the ga^e read- 
ings for a presteure veaael full of w.ter at various saturation" pressures up to 
<wuu psia,,     lae?'e maxima» safe gage readings were raver exceeded for any p^rti- 
cui&r operating pressure, *-.v, 

PQJiei^Meafureraents 

v-    4      lb« purjwise of the power measurements is to accurately determine the 
neat tins density q/A, «id  to determine the taet section current, one of the 
variables uaed in calculating the test section inner wall temperaturesi " 

Current is measured by aeans of the voltage developed across a stand- 
ard resistor Bhimt»    *our 50 millivolt, 3000 ampere General Electric shunts 
were supplied with the motor-generators and one of these was sent to the 
National Bureau oi  Standards for calibration,     (Ci\ Fig,  H).      The shunt is 
constructed of icanganin, which has a flat resistmi.ee vsrsus tesroerature curve,, 
but ;,txll rises slightly in resistance at higher temperatures.  * The shunt 
*as mounted with the vanes vertically to enhance nstural circulation and all 
copper buesbar connections were utilised to increase conductiot..    The result 
was that the shunt remained at approximately lOOoy even when 3000 amperes 
passed through it.    The voltage asross the shunt wes measured with a Rubicon 



Potentiometer, The value of the current In terras of the potentiometer 
reading is shorn belows 

Voltage measurements across the test section were also mad© by means 
of the potentiometer, with a voltage divider network utilised to scale dorn 
the voltage to a value that could b© read on &  50 millivolt potentiometer» 
The circuit is illustrated in Figo 15„ Ths resistors used in the circuit 
were purchased from the General Radio Company in Cambridgep Mass, and cal- 
ibrated by the Electrical Instrument Laboratory at Mol.T.  The results of 
the calibration ares 

Rflistsr, Resistance 

500B 10 ohms 9,994 ohms (R^ 

500K 5000 ohms 5003.5 ohms (R^) 

The potential taps to the test section rare made of nickel and held 
in place.by a stateless steel spring mechanism. The taps and leads were made 
of nickel in order to reduce thermal EKF»s-, The resistance of the leads was 
approximately 1,0 ohmsj, shorn schematically as R- in Fig„ 15« 

The voltage across ß.; is related to the voltage across the test sec- 
tion in the following manner's 

ts h
f   ———       —   SOL 2 Et R 

Bts     -  .San    v°H*/m;ti;Voit 
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^surteg the outer wall temperature of the tert section presented sev- 
eral problemsf and several solutions to th© problem were investigated before 
the method in use on the apparatus was developed. In viewing the overall prob» 
lern* the following considerations should be kept in minds 

1, A thermocouple in intimate contact with a tube wall of 0,015 in. 
thickness by being welded or silver soldered would disturb the local current 
distribution and give erroneous temperature readings. In addition, a thermo- 
couple welded to the test section might result in stress concentrations which 



srould rupfe) r?$ thf-  iuV*e st hi#h pro^urs?? avid teM"f!?afeursB , 

2,. Siar:«3 the tube is hejfe«d w:fefe cUrooi surrent^ a therraocoupla 
in electrics.! contact with the tube would ha-*?© impressed across it a poten- 
tial attributable to ths -«oltegs gradient sit that' point,. This could nec- 
essitate reversing the direction of current to dftter?s)ine the thermal EMF 

3,    Theraocouples not welded, fco the test section will be in a rogicn of 
high tereperature gradient from the wall to the surrounding air» and  will 
give temperature readings belor that of the wall, My electrical Insul- 
ation placed between  the wall and the thermocoup!a will add to the error. 

The method in use on the apparatus is illustrated in Fig,. 16, Twelve 
thermocouples are bound to the tube wall with fiberglass cord, k photo- 
graph of a bound test section is given, in tig,, 1?., Placed between each 
thermocouple end the tube wall is a Email sheet of.0015 in« mice to insul- 
ate the two electricallyo Around,  the tubes, filled with a high temperature 
insulation Kaolin wool, is an, electrically heated copper shields sade in 
three sections^, each controlled by a yariao,.  Three theraocou.p3.es are sil- 
ver soldered to tho shield as shown 1B Fig, 163 

Vshen the shield tenperature is adjusted to the .game temperature as 
the test section outer wall, the space between should also be at this temp- 
erature* There should then be no temperature gradient across the thermo- 
couples * which would read the correct outer wall temperature* Kreith and 
Summerflsid: (3)  and. MeMaas (4) report that isdth surface boiling, the outer 
wall of the test section is at a fairly uniform temperature.  Thus a uni- 
form setting of the shield temperatures for any one set of conditions should, 
result la accurately read wall temperatures, in the non-boiling region of 
heat transfer* the test section will have a considerable axial temperature 
gradient,, so that all three vsriaes can be adjusted to follow fairly closely 
the tube temperatures»  A discussion of tube temperature errors as found in 
a mock-up of the test section is given in Appendix G-5- 

Pressure drop across the test section is measured by means of a Barton 
Differential Pressure Gage, 0-150 inches of water, connected at the pressure 
taps as shorn in Figs 4,  Tho temperature of the water in tha vertical test 
section is considerably higher than the temperature of the ambient water in 
the gage lead-in tubing» necessitating a correction factor to determine tho 
actual friction pressure drop.  The equation for converting :-<&ge readings 
to friction pressure drop is as follows; 

CIA pressure    t&?s. 
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Degassed, distilled water is used In all rune, ' Distilled water of 
coadttetivity 0,7 pssa is degassed by boiling .in a stainless steel container 
heated by e sterra coil, Tba system is filled, and the Bater is circulated 
through the pressure vessel and heated to boiling, This drives any air 
trapped in the loop into the pressure vessel^ which is vented to the atmos- 
phere-. 

The system pressure is then raised to the desired level by boiling 
the eater in the pressure vessel*, Iho eyst-oK throttle va.lv© is ad his ted to 
the approximate flow desired, slight changes being necessary as bulk temp- 
era tureo change0 The direct-current generators are no® energised, end ap- 
proximately 500 amperes is passed through the test section without the heat 
exchangers operating.  When the bulk temperature ©f the water has reached, 
the desired value, the heat exchangers are put into operation. 

The poser input to the test section is gradually increased while ad- 
justing the boat exchangerss throttle valve, and pressure vessel heaters to 
maintain the desired values of velocity» pressure^ and eubcooling.. Prelim- 
inary data U  taken continuously in order to determine whan steady state 
condition?? have been attained0 

*/. x  ?s~fria 5ets of öate ßr@ tBken at eaeh equilibrium condition in an 
efior* to detect any possible transientss  end to minimise humsn errors in 
reading instruments0 In order to obtain an entire curve in as few runs es 
possible* the pressure and velocity ere k©pt constant as the po^er input 
is increased,, The water bulk temperature is allowed to vary slightly*within 
a range twieh will keep the desired bulk temperature somewhere within the 
test section« This can b© done because of the method of point-Mse calcula- 
tion which determines the hast flux density q/k„  the inside wall temperature 
%s and the bulk temperature t^ at seven points along the tube» 

In an effort to follow each run more closely, a number of curves and 
charts were prepared in advance which convert outside wall temperatures to 
inside wall temperatures, power to q/A in Btu/hr t&t  potentiometer readings 
to temperatures, and differential pressure gage readings to water velocity 
in feefc/eee»  Froa the Colbiwn equation, curves of q/A versus U-fe, had been 
plotted for the particular c-perating conditions^ and date points are spotted 
on the curve as they are obtained. 

in order to obtain, accurate wall temperature measurements using the 
method of a heated shield» it is important that the shield and the outer 
wall ox the test section be at the same temperature* This method had been 
developed on the assumption that an almost uniform outer wall temperature 
would be found at the condition of surface boiling* 
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It «?as foundj however, that the ET-11 temperatures increased frosa 
inlet to outlets with a maoism;© inererr® of AÖQ°F found in Rim Be    That 
particular test section was found to hays the thickest deposit of scale (5)p 

other runs varying from clean to slightly contaminated tubesa To obtain 
accurate temperature me&siwmButss  es.e-h section of the heated shield is 
sat equal to the outer wall thermocouple opposite it- From Fig3 2SS the 
error in outer- wall reading is gean to be less then 5°F if the shield 
temperature differs from the tub© temperature by as much as 65®F? 

A technique ©f reaching equilibrium quickly betw@©n each shield 
section and its opposite tubs temperature was developed. It is accomplished 
by overshooting the controlling varia© in the direction of change» and, then 
basking off quickly uhen the dosired temperature is reached»   Each shield 
section has &  small effect on it« neighbor but no great difficulty in obtain* 
ing the proper temperatares has been  exporiencsdo 

The Winkler technique? iß need to dsterain© the quantity of oxygen 
dissolved in the test water«, The dissolved, air is calculated from the ratio 
of the Henryke law constant for air and oxygen In water, 

I wide souths glass stoppered8 250 ©e bottle is used for the samp» . 
ling and subsequent chemlcrl analysiso Tho tost water is introduced through 
a rubber tube Mt© the bottom of the bottle» and the water is allowed to 
overflow for several, minutes to insure- that tho water which had eorae in con- 
test with the air will be removed» 

The ohecdcal reagents which ere used consisted of the following? 

lo 4-8© gm« linSOy in one liter water 

g&e  NaOH end 360 gm0 Ki in one liter water 

3s Concentrated Hg SO, diluted l?.l with distilled water 

4o 5 gEo Starch in 100 cc water 

5? Standard solution H&gSgO- (approximately ,01 Normal) 

The procedure followed is to add 2 ©e of reagents 1» 2 end 3 in that 
order to the 250 ce water sample,, A few oc of starch solution L  is added 
which turns the color blue,,  100 ec of this blue solution is then titrated 
with reagent 5S  the standard solution of N&2S?0«o 

x. J®19  chemical reagents are addod through graduated pipettes pieced at 
the bottom of the sample« The 2  ce of each reagent displaced a like amount 
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at the bottle aoutfe, and it was Loped that, this method, mould remove 
most of the error th&t TOuid be obtained by oxygen dissolving at the 
water surfaces    No further precautions are observe, after the ihSQj, ie 
added as further osygea dissolved la the ss-ple- bar- no effect on the 
tuaount of titratioa» 

The equutioa bei©?? relates tbs aiscuat of oaq-'gen in. parts psr 
million by weigbt to the normality and number of cubic csntira©ters of 
N&gSgOg titrated. 

02 * 80 (K) (cc) ead« 
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potot of the test section (station .4} baiag used for all calculations, 

curreatW Sh°ra * "* 18 le »"* to **•»»»• VV to. the 

£0 ™ 47-f' P ^ X ~ /2 4 5 Äwp« ,   /:0 -tK, ~ z 2 »p 

Th. mo«!8SiSfl^LiS ?°tted iG Fig> 23 aE a action of th» temp-ret«« The mean resistivity at station .4 is assumed to be that ev^SRt thl 
mean well temperature, (t   + t J/S, eva-.uo.ted at the 

irH —  6.7$ (so   j  ohm- feet 

^1    ^/./^uGc^fiz^sffc.ysXfo"7) 

Ihr ff 

4a^-issigaJ^£jL£3asJ!aa§iiz 

f%). ft/3 
7TL D; 

^•^ ( fill.) /JI2£ \ 

^    Ä      /^ooo   Bi»./hfH< 



^ = £;„ f TO; 
UJ ~ 1^-, \» *«),., X,-, H%1, V, ^«X-A-< 

t^^WF 

6V|, .Temperature. Driving i'orce 

/,-   Jfi__4_       _        /,Zö/»ooo 

^„.-£^ Z/5" 

8«    Subcpoline 

2£raJ.MifAt_M.Ulfei£ 

10.-,    FrfisdU._Ku.mber 



M Ä ( .59 ){ , 000/ 77) 

/?e  = . £ 9.4 Soo 

A/'L< « .023  r?e'S Pr 
l/3' 

*Vu *   , o 23 ( « 9,5e><0' * [l> Sf) '*3 

*v     *    ?° obklin th@ friction preesur® drop across the heafced portion of 
aw test secfcton,  two corrections oust be made to the Barton differen- 
tial pressure gag© reading.    The pressure drop across the unhaated portions 
of the test section must h© su.btre.eted from the total reading», and correc- 
tion must be ntede for the difference in densities betraoen the liquid within 
the teet section and the liquid in the Miras eonnactine the gage'»cross the test section« »«..-■■■ 

*"* '' L&        L- £Z.4- jf 

^Pfe   - Sirs' + &2,4~ 5$ /,, ,,^      / , -» N /      •  \ 

A   O ' 

.fe=i^,„§llCfi46i.=BöJl=.|Eg 

Ths pressure drop under conditions of surface boiling cannot be ac- 
curately calculated since the unknown quratity of vapor within the test 
section mates the average density uncortf.ir»    If the density Is assumed 
to change a negligible amount es far as pressure drop is concerned,  the    • 
follo^g equation is e, goed approximation    Calculations are based iroon 
Run 7-!?■. '■   '" 

^,   - % +^ülfil^V,3.,2)-. (^1^1^.5-^ r«.4^i2)i3.iz"] 
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Nu 

P 

1 

Areaa  sq fest 

Heat transfer a.rea;, sq feat 

Spscdfie hcstjj Btu/lb °F 

Diameter j> feei 

, Inagr diameter ©f lest ßf-et Ion a fe*t 

foltag© gra.dieaij. volt-s/ft 

Test section voltages %'olkv 

Maas Fel®3it-jrslb/far ft*" 

Surface coefficient of b.@.°,t tr&asffry Btu/hr ft*" °F 

Test Section Current-s  surperes 

Therml Poßduffiti^itys, Efcu/br ft °F 

Tent section length beteesn potential taps;, 9 „13 inches 

Test section heated lengths 9,3g irvshes 

fest, section total length., 23,12 inches 

Mussel t miffibsr- 

Pr© esurs j, psi® 

Pressure drop reading asr>ss test section,, in, BJQ 
'   '        «ft 

Pressure drop reading across test sscMon with no boiling,in„ HO 

Pressure drop across h©Et<sd portior- of test sectioa 

Prandfcl mjE>.bar 

Ke&t flus. density«; Btu/W St'"' 

Outer radius of test eeetlon^ fest 

Inner radius of test section? feet 



io 

Re Reynolds nurabsr 

t^ Test water bulk teapot. tur©s °F 

tiß Test wate? inlet bulh temperature °F 

*but TeBt TOter outlet bulk temperature, °F 

t0    ' Test section outer wall temperature, °F 

%, Jest section inner wall temperateres °W 

fesat Saturation temperature^ °y 

*sh Heated shield temperatur3^ °F 

AT Temperature driving fores»  t -t.-,.  °F 

¥ Flow velocity *> feet/ssc 

f Flow ratei7 lb/far 

X Distance befcween therraorsouple 'stations, 1.4 inches 

'<^P Temperature coefficient of electrical reBi8ti<rt.ty,°F~1 

<*K Temperature coefficient of thermal conduct!vity, V1 

«*T Temperatur© coefficient of thermal expansion* V1 

G Densityj, lb/cu ft 

fife Density at bulk temperature,, Ib/cu ft 

P Electrical resistivity* chia feet 

tm Electrical resistivity e,t temperature _V^_. V 
"~~ 2 "*" 

/«* Viscosity» lb/tar ft 



Jil'xiW Q.f.. .if   B 

iRMJL IL&1A .If^'M a t ur*£ 

The $-quption us^ci for sal cutting ifc" innsr w^ll t<? Bwsrafcw® res? 
derived by K.reith s&c? Su^cjefleM 1^  smc' is giVer». bci&w? 

whsr 

8i»i'?6 the electrical resistivity of L nickel varies so widely isith 
temperature the roltag© gradient along the tube (fe/ds; rill-vary consider«- 
&bly0    To avoid fee installation of a series of potential taps along th© 
test section te ÄstermiBs the voltage gradient at e«u?h thermocouple s  the 
aquation, was put. in terms of current,,  the anrege value of which is constant 
at ell. croBgf^&B^tioikHo    The conversion, is as follow;- 

ct'% ~ A. "' rrl /■ z 
1
 ii h        rfrS-rn 

The equation has besn plotted in. Fig0 18 es t.~t   versus i at various 
levels of t n " ■'    w 

The power dissipated in «By portion, of the tee.i seetion it! dependent 
upon the resistasce,, which, b-sißg a function of tempers.fur©, varies from point 
to point along ths tube»    The heat flux density then varies elmg the test 
section length and must be calculated to obtain accurate results,-. 



ß?   S    -;U$ .'-;.-    '.ricr !■',; '.   «"''■ ■>    '-;: 

nf   t-?Hi X-i      Q?     : 

£'.'. ■ '    S-: 2 ,,-ii ,i 5 
-'   ' ' J 

pA   - iJ4% i /C  1 J-   f n 

Jvr 

T? O, <.?'v    ?< ( i«. 

3„ '"esj;; !«',.ter_ ;?!.tik.J/§m^raiur<3 

Sinkst   th« beat flu;;: density Tarifs .sonsJde'^ably a krag  the feest 
sec-Uozs isr^th,  it i« not sufficient, t« «äss-um© s. linear xncresss in  the 
igst ssate?   1 fusperature fr-am inlot  to outlet;    As *5m waropie,, en error of 
1& in thß  te^rai«?:« dri%'iug forse is  mtroäuewi in fl?m 7=13 fey making 

A mip-K- fsxmi issthsd of findig t,s Is tmceö up.or, t.b.^ integration 
of q/A o^r the sir an frow the inlet to fee stauen in question," For the 
f!e.rl.?r?-.Uos; of the equation tro assumptions sice n?-?essa.ryp  that there is 
no zl^4fl?:wi Iiasit. flot? Facially along  the tube», and that during surfass 
boJl?.r?f-; tbs  p^por generated ?dthir;  the t-.-A^i &;<?s nt>k ßppresiably change 
-.he a^rag* specific he.?,t of tha rafe^r-, 

Th« 3n.(.*rgy balms© bot^rsa  the eigetriesi ^nerg.^ dissipated in a 
nm.ll ülvm^i of tubSag cbr end the sorrestxmäing tvwp-ymtAxee rig© of the 
'v)3;.«;r is e'sprc^sed fe   the ecnj&tion belo'^s 

V'^-i ~   % <^  *  %%in>«k 

fearrengisg the tersa s.nd totegratings 
/" 

For purposes of grsphier.l integration,, q/j  is plotted at the therao- 
ciouple stations along the test section as illustrated in Fig* 19..,    Between 
mj tFo st&tioos» E end &-!„ q/i. i& assumed to var?y linearly,     '   The mean q/ 
1 ft 

ßßd the equEiicE for the temperature riss b#tisr©6n any two stations iss 



IB 

Data taken with the apparatus affsras sweral cheeks of this 
equation,.    The q/Ag,«;,,  e&lculafced fro® the. por-sr n&5©.s-w@iii©»t should b© 
equal to the average"height of the q/k versus length plot? sad the sura of 
the watsr temperature rises between stations should ^s equal to ^ou+.""%n0 



tPPEKDJX C 

The range of florg to be eovered wes estimated to be from 300 to 
1500 pounds ■&? water per hour» which «orre-spends to wHo-'dtiss through 
the test seeii->!5 of 10 it» 40 fest per seconds    TK

:
O urlfS/;© plates end a 

Barton Differential Pressure Gege9 0-100 inohes of v?ater\  were obtained 
te cover this rs-ng©,,    To insure the aeenraov of the flox? measurements* 
the orifice plates won© ©ejihrst'tee 

The system used for the calibration consisted of a centrifugal pump 
as a ßouree of pressure* a yalve regulating 'the fie'?» and the Barton gage 
nssasuring t-he pressure drop aeross the oriftesg end a sighing tenkc 

The fsrsnls. relating the flor and fch© pressure • drop across the ori- 
firs iss 

*   IT 

G^ for any glrea ©rille© if. a function of th-? Reynolds masher at low 
ReyaoMg-'nuraberEs but reBsains constant et higher values«,    The flows to be 
ffi&e.surs4 ar© all at the higher Reynolds msabers, mahing 0,  a constant through- 
out, fch© entire range,. 

Date, obtained in thess calibrations is presented on the following pages 
Gurtes of flora in pounds per hoar versus liar ton gage reading hare been plot- 
ted in Fig-,. 2(1,      From fches© curves, velocity through the test section in. 
feet per second versus Barton Gage reading have been plotted in Figc 21, 



Inches t<f 
,. = Water. 

10 

30 

iß 

50 

70 

■Q«?   .,        fy'A 

Jipur ^ 

4§^ 

555 

6J<5 

734 

1023 

111? 

1200 

Reynolds .Ji. 
ia,soo 18 .35 

2 5^500 18,25 

3 7**50 IS, 10 

?1,900 18, IB 

£5*600 2.8,30 

i'8,,600 18,35 

31s200 18,28 

33,500 18,20 

LOT Jte&f,®, J)|'i,f let 

Average IB 24. 

jiStsU'dß o,r Lbs»  p«??* 
X*a U* ™„,iSÄ«=»» 

AUo X 152,5 

20,0 <& Jfc- ,/ 

30=8 268 

40,2 306 

50,3  ' 343 

oJ,4 375 

81,0 4.30 

96o 0 462 

474 

E^ys 0lcJ.fi C-, 
Number «, 

6*940 60 OS 

lOpOOO 6,10 

Jw*.- £}<«&V*r 6*13 

13,900 feu I/«. 

159600 6,12 

179000 6=11 

19 p 500 6,08 

219000 5,99 

21 ,,500 60 03 

Average 6,10 



2*   SJ^Iy^l.^e^Astiwity Me?purerenf 

M »«wrct* kPorrtfi.^ of the- rccH-U^ty cod tbenml  conduct*vitv 

o,   the i5,nej   *Ml iesnowtwo ©.r the tc*t ec-.Hoiu    Data ohfcMnei fro«i 
t*e Intern*««** Klchd  C5Sp7 ;l, * pri,,„ c^unic-r.Uon^ d^ 
8r.„l8f«c.fcory for tha tef^l cm^tivit*-, <Gf„ Fig,, 2/..} but reelettvtty • 
«ae strtod to vary ßligbtly from h^t-to-h^t,    Therefore «SBB«n«n«nt.» Jf 
the resistivity of tfa« niefccl tubing chwu for «* vere mde at ^rious t^n 
arstur^ to dfiterai™ the wlvra for the particular tub^g, 

A schematic: diagram of the «rornirrtu- ur.ed 3R e^rr* in Fie    22     'ihr 
ni?el *??? *aft matoteteM «* ra^>^  tc*prrftt»ro 1^1 a to w el^tvlci 
rb "ytnbff , r;rnafie-      Tbf I thrr^^uplei. rare pl^ed lnagUudinally alo», 
the  tobQ for tempsreture date rains ti on-     The tobe, e steady renifitor of 
oOl obss, and a srarisble rboo-et^t sere connoted in series across a J?'vcH 
eiorage battery.      Since the currant to  the loop is cone tent»  the ratio of 
toe ree .atancc of a lanCth of tb« tube to that of tb, stendarf renietoJ ?» 
proportional  to the voltage drop eeross e«<shu 

A Rubicon semi-precision pot^ntiomster «as used to measure thess 
voltage drops at various  temperatures,      The potential tops wre placed on 
the tabes sufficiently far f„» the ea.libra.tlng currant termini« toteaSe 

ST    «     ^IT   f 0W ** "^ CrönS B0eti0E of fche tab* ^feon potential tei/s.    The Xeed-in wires were mads of nickel to reduce thermal EMF«g, 

™if      Tbp/^3tat *«s Placed to the circuit to drop fche excess battery 
vcltegs and to allor for variation of the calibrating current and hence the 
magnitude of the KJltages teing nensur**,    Thie served as a check, since '" 
tti* raU,. of the tor, vclfeage drops should bo a constant et any particular 
tempera tore, regardless of the level of current, t« - <•■■ 1 HAM 

The theraocwples along tte tube indicated e maxiwum vsri&tton to 
i:^!r!'US ^>    3.7-f erH to «d at a texture level of 800<*.    Tte average 
value ©i  the three temperatures irae ueod.    Snail thermal EWF*e F*re re**s- 
tie-:lWr?Sa febG leagt?\of **"? tub* whe" «»« calibrating current'was reduced 
to »ro-    Wen «ero subtracted from the poteatioaeter readJage to obtain the 

SrreSt particular temperature  to «itfei»  ,55? et various magnitudes of 

Date 

TeEp©re.tureC°F) ^be Resistance 
BiS  10^) 

75 
216 4^-105 

« 
5 »158 

^•6? 6,750 
§06 
615 

7,291 
8o963 
9,950 

3LO°*59 

807 10o9f5 



The reni.es fcivifcy of a length of fee iuh? Is dsfi«M by th& following 
relation • 

L, 

Sine© the eres sad length are a fimetion of temperaturev  the equation is 
expanded to? 

Lö ( /* «T At) /-" 

The eross^seoilon&l ares of the tubs was calculated from ffieastf.reman.ts 
of length «rad weight and fro© kaossi density c    (Cf ipp, (h-i.) 

,SiffiilS=,    (Plotted in Pig„ S3) 

Temperature (9F) ItesisfeJvJLty (oha-foet x lü"7} 

<7K 2 c 961 
^•6 4,11? 
334- 5,179 
3^5 5,620 
465 6,704 
506 7.327 
ö^ 9*01?   . 
&(& 10,009 
701 10,532 
?57 114)01 
807 11,344 

Thermosoupl.es of ^hrorael P end Constantsa ware used for temperature 
me&suramests,,    Thess metals wore chosso. for their high therstsal MF per decree 
of temperature difference* and for stability at temperature to 800©F* 

The thermocouples were calibrated at the Heat Meastireisetots Laboratory 
at the Massachusetts Institut© of Technology.    Apparatus is set up there for 
calibrating thermocouples at the temperatures of condensing steam, condensing 
naphtha, condensing mercury, ead eondmsing sulfur.      In addition,  there is 
a large copper biocfc that is maintallied electrically at approximately 120®? 
in which therswosBpies cm f/& calibrated against a standard Copper-Gofiete.ntan, 
thermocouple»    It was felt that this cumber oi  points would be*adequate to 
give temperatures of £.556 from 32-8QCPT t&ea tb.a theana&l IMF is measured fey & 
preeie© potentiometer ©ad gal^anomsteFo 



Tberssl HF is plotted egainst teuere ture in Fig= 2".    This plot 
is insufficient &r aecurasieß of the order of -,$$ ginee many good looking 
curves ea?s be plotted through ÖHJB?> points which will exwoä thir error, 
2i is neoesssxy to ,caleu!aie a inathes?etie?il curt'© which psBoss through these 
poIsitSf or te plot s deviation cure© froE the National Bure?.\s of Standards 
curve for the eatse typo thermocouple. 

Fig, 26 ie e plot of the derlation ©f the calibrated thermocouple from 
the Bursau of Standards date gives in Tables 19, 20 p and 21 of «Tables of 
Thermocouple Characteristic*,* a General Electric Publication. (GE?~L415)0 These 
tables were derived fro© Bureau of Standards data on Ghromol-fiatimae and Consian- 
ten^Pieiinu® thermocouples3 

.fiel ibra y .on.. Jtets 

Capper Comparator 11? »36 2-/J8 

Steess. Condenser 211 o 8 6.., OS 

tephfcha Condense? 42JU8 14*18 

Mereury Coco'eaeer 673,3 ?M,J$ 

Sulfur Condenser 831,7 31 »19 

&" IsJiSlIdSfelfi^SifeSlIllSljiSß. 

IE« order to accurately calculate the inner wall temperature at any point 
along the test section^ th© wall thickness and the outer wall temperature at 
thefc point mist be accurately kuosns.      This would necessitate a delicate measur- 
teg device whisk co-aid prob© lato & „ISO in« diameter to a depth of at least 
half the test section length? and s?,ap the ©all thiekneas at points where thermo=> 
couples «?era to be placed.* 

It was felt that the accuracy obtained did. not warrant such painstaking 
instrumentation since thermocouples rere to be placed at intervals along and 
around, the tutee^ and knowing the precise inner wall temperature at a few selec- 
ted points only srould not give any more accurate results»    It was felt that th© 
average wall .thickness of the entire test section would give es meaningful re- 
sults., 

Prora tenmm. density« and measured »eight, length* and outside tube diam- 
eter of „2101 in*s,  the average inner diameter was calculated to be o!805 inches0 
The average wall thickness was then calculated to be <,QUß inches* 

5 0 MiSMdiRÄ9I.^M^^£^^M;WM^M^^§M£i£&aA^^E&^§. 

A mock-up of the test section i?as built to determine the operating 
characteristics of the heated shield method of surface temperature measurementsc 



The characteristics of special interest wares 

o 
Xo Tolerances of the shield temperature which would permit 1 F 

accuracy using thermocouples bound to the outer tubs wall* 

2» Th© axial temperature distribution of the shield» Cooling 
effects of the end supports might place too great a temperature gradient 
in the shield asdaily whieh would introduce errors in measuring the outer 
wallso 

3o Tie© increments necessary to achieve steady stats with the shield 
et the same temperature es the test section. If the time necessary to 
com© to equilibrium is too great, data takings the bulk of whieh is the 
test section outer wall temperature^, will b© slewed down considerably« 

la order for a mock-mp to be of any value, it should approach as 
closely as possible the actual operating characteristics of the ultimate 
installation«  Since the actual apparatus had not been fully constructed^, 
it was necessary to rely partly on the reports of other investigators C3),(4-} 
in determining what the actual operating characteristics might be in the sur- 
face boiling regiono , 

The prim© prerequisite was thought to b® a tube of constant axial 
temperature to resemble surface boiling conditions» Another important 
prerequisite was a constant temperature tub© regardless of surrounding 
atmospheric temperatures,, This was determined from the fact that in the 
ultimate installation» the amount of heat loss from the ©uter wall is so 
small compared to the heat flowing from the inside wall to the water9 

that its magnitude will not affect the outer ©all temperature at all* 
Therefore, the actual outer wall temperature of the tube will not be affect- 
ed by changes in the shield temperature, only the thermocouple readings 
will be affected-, 

To achieve these conditions it wgg decided to pass condensing vapor 
through a nickel tube having the same dimensions as the test section» 
The surface heat transfer coefficient between a condensing vapor and the 
inside surface of the tube is sufficiently high that any cooling or heat- 
ing effect by the shield surrounding the tube- will not change the tube 
temperature from that of the condensing vapor* As long as the condensing 
vapor is in the two phase region along the entire length of the tube, the 
temperature along the entire length will be uniform, neglecting small 
pressure drops* 

Initially» condensing sulfur was tried since the condensing tempera- 
ture of sulfur is close to the maximum temperatures expected in the actual 
installation»  It was found that with a simply built apparatus a uniform 
temperature tube was difficult to obtain. There were large axial temperature 
variations, and the tube temperature changed with the shield temperature« 



Condensing steam «ras then tried and. found to produce a uniform 
tabs temperature that remained constant ffhen the shield temperatore 
TOS varied over a ride range. The temperature of the tab© was much 
lower than those expected in the aetuai installation, but the results 
mm  felt to be significant sins© it is the relative torapsr&ture be- 
tee@a the tube and shield that is of primary importance., 

A  schematic diagram of the mock-»up is given in Fig, 2?» later 
vapor rises through the nickel tub© and is exhausted to the air. Six 
thermocouples er© bound to the tubing in the same manner as on th© ac- 
tual apparatus9  with fiberglass insulation and a thin piece of mica be- 
tween each thermocouple and. the tube.-, In addition there is on® thermo- 
couple silver soldered to the tube for the determination of the true 
tube temperatureo The copper shield has three thermocouples silver- 
soldered to it» and approximately 20 feet of $21, fiberglass insulated 
chrome! wire is trapped around.it for resistance heating» The tube and 
the shield are both inside a large ceramic tuba which acts-as a separator 
of the two steel end supports«  A ceramic tube of the same dimensions is 
used on the actual installation and it was included here to determine its 
effect on  the apparatus operation,, The only effect of th© ceramic tube 
s?as to increase the time for the system to reach equilibrium,, This time 
«?as appreciably shortened, by machining four-1/2 in» holes at the top and 
bottom and allowing air to circulate between ceramic and copper shield-, 

The results of the teats run on the mock-up ar© plotted in Fig„ 28* 
They lead to the following conelusions« 

lo The shield temperatures can- vary 10°F above or below the actual 
tube wall temperature and give an accuracy of 1°F on the tubs wall temper- 
ature reading» 

2,    The axial temperature distribution of th© shield was uniform 
to within 2°F at all the tested temperature;, giving rise to the h^^ that 
it would b© uniform at higher levels of temperature., 

3* Th© time increments necessary for the apparatus to come to'eswi» • 
libriusj with the shield and tube temperatures the s&mBj, «as about 10 minutes, 
This amount of time was not considered unduly longg since in the actual in- 
stallations the time necessary to come to equilibrium after a change in oper- 
ating conditions would certainly be greater than the time to bring the shield 
to the proper temperature« 

Jj&ta obtained is given on the nsxt paf/3-, 



Date 

Shield Volts 0 <&ft» 30 34     - 36 

Shield Amps 0 2 2,5 2,8 2,0 

h (°F) 5» JUL *? /§. 211,4 212,0 211 o7 212,0 

h 207,2 209,6 ä<4.A ft JL <?H, 4 212,0 

%2 206,9 209 o 6 ÄdSaeÄ 0 JL feXX, <4- &£>£& ojj 

t 
3 209 o 3 210,5 211,4 ÄiX , / rf«i4iÄ o «■? 

h 208,4 210 „2 211,4 (SEIID / <6.TÄ»rf£o«? 

s 207,5 209,9 %1>X, 4 211,7 fc-A^S Oc? 

h 20$, 4 210,2 211,4    ■ 211,7 tfbifi>Ö?o O ^ 

*ehl 14? 181 199 209,9 däwA^* r> O 

teh2 A4i 182 200 &1-&K&! 0   30» 217 J 4 

%h3 147 181 200 210, a 217*1 

Vfci 4" 2 1,8 ,9 o3 0 

V^ 4-5 1,8 ,9 ,3 -3 

tt-t3 e&oJL ,9 ,6 0 ~!>3 

V*A 3,0 1» 2 ,6 0 •=,3 

vs 3,9 1,5 t,6 0 -.3 

Vk6 3-0 1?2 «>6 0 -»3 

t    Sa 63 29 12 1 -5,5 



Under the supervision of Mr„ $„ N„ Woodard of the DeLaval Steam 
Turbine Gp,s  the Hayward-Tyler purop was completely dismantled,,-, except for 
the upper motor assembly0 Figs, 29 through 35 are photographs of the pump? 
recording the work as it progressed0 

Figo 29 shows  the pump as it was removed from the test cello Fig. 30 shows 
the pump housing which contained a pool of rusty, oily water. It might be noted 
that because of the height of the inlet and outlet ports shore the bottom of the 
pump housing,, a quantity of water always remains at the bottomj making the 'task 
of completely flushing quite difficulty 

Figo 31 tras taken with the pump assembly removed for inspection and 
cleaning» Fig«, 32 iß the entire four-stage pump assembly as it is contained in 
the purapj, and Figo 33 is a biosa-iip vies of the bottom stage of the pump assemb- 
ly s, the right side being the bottom. Reading from left to right the parts ares 
pump impeller, guide vanes» Hearing plate,, split ringj, return vanes, wearing 
plate« split ringj and pump bearing housingo 

Fig» 3A  is E close-up of the guide vanes and impeller and shows clearly 
the poof quality of the stainless steel eastings, rahieh contained blowholes and 
Imbedded sand particles„ The fact that the impeller blades wore not machined 
is perhaps one of the major factors causing such low pump efficiencies (Ci\Fig*8)o 

The shaft as seen in Fig. 31 was checked with a dial indicator and a run- 
out of «014 in» .Total Indicator heading -was found,, The cause of the run-out 
could not be determined. This run-out may» or may nots be objectionablet but 
might increase the danger of galling at the ©earing rings. The total wearing 
ring clearance was »005 inB It was at these points that -the pump at UoCoL.A, 
galled, necessitating increasing the clearance to s.010 in» 

The entire pump assembly was washed in a solution of Oakit© and wire 
brushed in an attempt to resovs deposited rust and sojne of the imbedded sand* 
The first was successful but little sand was removed. It was feared at that time 
that this sand might dislodge at high water temperatures and be carried around 
through the system» No particles of sand have e\rer been found but chemical an- 
alysis has shows Si0- to be present in the test water» 

The pump assembly was put back into place, and the motor casing removed« 
Fig« 35 shows the motor etator which was covered with a heavy coating of rust» 
This was washed off and the casing reassembled. No further disassembly was 
done for fear of disturbing the Kingsbury thrust bearing located at the top« 
This bearing carries the »Entire weight of the motor rotor, shaftings and pump 
assemblyo 

The pump was then given a hydraulic pressure test of approximately -4000 psig? 
which was retained for aoout two hours with no visible leaks or drop in pressure,, 
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Form 259 UNITED STATES DEPARTMENT OF COMMERCE 
WASHINGTON 

National l&nrmn ai ^tanftarfrs 

REPORT 
of Test of 

CUEEENT SHUNT 
0.00001667 ohm, for 3000 amperes 

General Electric Company, No Serial No. 

Submitted by 

Massachusetts Institute of Technology 
Attn. Mr. Paul V. Osborn, Jr. 

Res. Asst. Mech. Eng. 
Department of Mechanical Engineering 

Cambridge 39, Massachusetts 

The resistance of this shunt, when measured on December 6, 1949, 
after temperature equilibrium had been attained under the conditions 
specified below, had the following values: 

Shunt 
Temperature Test Current Resistance 

°C Amperes 

600 

Absolute Ohms 

24 1.6603 x 10"5 

50 600 1.6632 x 10~b 

75 600 1.6647 x 10~5 

100 600 1.6656 x IQ"5 

The values of resistance given above were correct, as of the above 
date, within 0.1 percent for the condition of the test, i.e. uniform 
current distribution insured by cleaned copper busbars symmetrically 
arranged to completely fill the slots, and potential-tap location 
fixed by inserting insulated washers below the metal washers under 
the potential-tap screw-heads. 

For the Director 

?.%$ 

1.3/123403 
Your letter of 11/25/49 
December 20, 1949 

F. M. Defandorf, thief 
Electrical Instruments Section 
Division of Electricity and Optics 

Fiq. K 
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